The prevalence of hypertension in Malaysia is alarmingly high. The National Survey in 2006 showed 43% of people aged X30 had hypertension and among treated patients, only 26% reached the target blood pressure (BP) of o140/90 mm Hg. We evaluated BP control in tertiary institutions in Malaysia and the difference in hypertension control between genders and within specific cardiovascular risk factor groups. This cross-sectional study aimed at determining BP control among hypertensive patients attending three specialist institutions in Malaysia, located in Kuala Lumpur, Kuantan and Kota Bharu. A total of 950 patients with known hypertension for at least 6 months were recruited between January 2007 and July 2008. There were more males (n¼548, 57.7%) with a mean age of 60.3±10.5 (±s.d.) years. The mean systolic BP (SBP) and diastolic BP were 138.8±20.3 mm Hg and 79.6±11.3 mm Hg, respectively. In total, 48.5% of all the patients had good BP control (o140/90 mm Hg). Males had better SBP control compared with female (SBP: 135.9 ± 18.7 vs. 142.8 ± 21.7 mm Hg, Po0.001). Overall, 54.6% of the patients had ischemic heart disease (IHD), 24.2% had undergone coronary revascularization, 50.1% were diabetic, 68.6% hyperlipidemic, 17.3% smokers and 27.5% had renal impairment. Males and small numbers of antihypertensives used were independently associated with better treatment outcome. In summary, our data reveal a poorer BP control, secondary to higher SBP levels in women. Moreover, the gender difference is more pronounced in patients with concomitant diabetes mellitus, renal impairment and IHD.
INTRODUCTION
Arterial hypertension is the leading cause of cardiovascular mortality and morbidity worldwide. It contributes to half of the coronary artery disease and two-thirds of the cerebrovascular disease burden. 1 In Malaysia, hypertension prevalence is seeing a steep rise. Over the past three decades, hypertension prevalence has increased from 14.4% in 1986 to 29.9% in 1996 and, most recently, to 42.6% in the third National Health and Morbidity Survey (NHMS III) conducted in 2006. 2, 3 Of those who were on treatment, only 26.3% achieved the treatment targets. 3 This worrying trend has outpaced global prevalence of 26.4% in 2000 and is contrary to the US, for example, where there has been improvements in overall hypertension prevalence and control. 4, 5 The global increase in hypertension-related disease is accelerating in women. 6 Although the meta-analysis by Turnbull et al. points to comparable blood pressure (BP) control levels for both men and women, other studies have shown poorer control and worse outcomes in women. [7] [8] [9] This is seen in the increased early mortality and poorer outcomes in women with coronary artery diseases. 10, 11 In Malaysia, the NHMS III household survey found that female hypertensives had higher mean systolic BP (SBP) levels and poorer control level compared with men across all major ethnic groups. This difference is perplexing, as women tended to be more aware of their hypertension status. 2 Therefore, there is an urgent need to gauge the level of hypertension control among women under follow-up in healthcare institutions to see whether the trend continues.
The objective of this study is to determine the BP control among patients from three different tertiary referral centers in Malaysia. It is also aimed at gauging the level of BP control differences between the genders and the different modifiable risk factors (RFs) associated with coronary artery disease. This study represents the first multicenter study of hypertension control in Malaysia and would add a different perspective to the published data from the NHMS.
METHODS
The study was conducted in three tertiary referral centers, namely the Cardiology outpatient clinics at UKM Medical Center, Kuala Lumpur; Hospital Tengku Ampuan Afzan, Kuantan; and the Medical outpatient clinic at Hospital University of Science Malaysia, Kota Bharu. UKM Medical Center is located in the southeast corner of Kuala Lumpur and caters predominantly for the urban population. Kuantan is the capital of the east-coast Peninsular Malaysian state of Pahang, whereas Kota Bharu is the capital of the northeast-coast Peninsular Malaysian state of Kelantan. Both Kuantan and Kota Bharu serve a population of B1.5-2 million people, have predominantly agrarian economies and the majority of the population is looked after in the public health care sector.
A total of 950 patients with hypertension attending the aforementioned clinics, who satisfied the inclusion criteria, were enrolled in a cross-sectional study between January 2007 and July 2008. The study protocol was approved by the medical research and ethics committees of each institution independently, and written informed consents were obtained from the subjects. The study was conducted in concordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964 and Declaration of Tokyo, 1975, as revised in 1983).
All patients who were Malaysian citizens, aged above or equal to 30 years, had been diagnosed and were on treatment for hypertension for at least 6 months, were included in the study. Patients who were pregnant, newly diagnosed hypertensives, defaulted treatment for more than 6 months, critically ill, had mental health problems or difficulty in communication were excluded.
Simple demographic data was recorded, the antihypertensive medications were noted and the cardiovascular risk profiles were identified. Patients with concomitant medical illnesses were also identified. Two-sitting SBP and diastolic BP(DBP) readings were taken manually 3 min apart using a standard mercury sphygmomanometer (cuff size 12.5Â40 cm) by the attending physician. The SBP and DBP levels were read to the nearest 2 mm Hg, and the appearance (phase 1) and disappearance (phase 5) of Korotkoff's sounds were the criteria for SBP and DBP. Controlled BP was defined as o140/90 mm Hg and o130/80 mm Hg for those with concurrent diabetes, and o125/75 mm Hg for those with concurrent renal impairment. 12 
Statistical analysis
Data for continuous, closely symmetrical variables were analyzed using standard descriptive methods to estimate means and s.d.. The comparison between means was determined using the independent sample t-test. Discrete data and proportions are compared using w 2 test, with the level of statistical significance set at Po0.05. Logistic regressions to predict treatment outcome were performed giving adjusted odds ratios for gender, age, number of antihypertensives used, diabetes status, coronary artery disease status, revascularization, chronic renal failure, smoking and hyperlipidemia. All statistical analyses were performed with the statistical software package for the social sciences, SPSS (Version 12, SPSS, Chicago, IL USA).
RESULTS
A total of 950 patients with hypertension were enrolled and of these, 57.7% (548/950) were males and the mean SBP and DBPlevels were 138.83 ± 20.3 and 79.65 ± 11.39 mm Hg, respectively. Table 1 summarizes the demographical characteristics and RF profile of patients. Table 1 also demonstrates that the degree of BP control ranges between 45.1% in UKM Medical Center (HUKM) and 54.0% in Hospital University of Science Malaysia, with an overall control level of 48.5%. Interestingly, 54.6% (519/950) of patients had ischemic heart disease (IHD) but only 23.9% had had revascularization procedures either via coronary artery bypass graft surgery or percutaneous coronary intervention.
When we looked into the gender differences in terms of the level of BP control, we found that there was significantly poorer level of hypertension control in females across all three centers and across the major cardiovascular RF profiles. This is illustrated by the consistently higher mean values of SBP in Figures 1 and 2 . Table 2 and Figure 3 illustrate the mean SBP difference between males and females by the number of antihypertensives utilized. Table 2 details the mean age, SBP and DBP as they increase with the number of antihypertensives utilized. Figure 3 shows a wide divergence between 1 and 3 antihypertensives, which narrows significantly with 4 or 5 antihypertensives used and a progressively higher mean SBP with increasing number of antihypertensives. Table 3 illustrates the differences in hypertension control level between the genders. In all, 53.5% of the males attained the desired BP level of o140/90 mm Hg compared with only 41.8% of the Bold values indicate the level of hypertension control, which is the underpinning study in this article. Table 1 indicates this between the different centres, whereas Table 3 compares it between the genders.
Institutional hypertension control in Malaysia M Oteh et al females. It also demonstrates that significantly higher proportions of males smoke, have IHD and subsequently revascularized. When we scrutinized the data for patients with good vs. poor BP controls, the level of control in patients with concomitant diabetes and renal impairment was far less compared with the rest of the patients at only 18.9 and 18.4%, respectively (Table 4) . Furthermore, when we looked at the difference in terms of BP control between the genders within the different cardiovascular RF subgroups, there was a statistically significant lower level of BP control in females across all subgroups (Table 5 ). 
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It is also interesting to note that a significantly higher proportion of patients with poor BP control utilize calcium channel inhibitors and a-receptor inhibitors (Table 4) . In all, 52.3% of the patients were on aspirin, 56.8% on statins, 31.6% on diuretics, 46.4% on calcium channel inhibitors, 58.1% on b-antagonists and 70.8% were on either angiotensin-converting enzyme inhibitors or angiotensin receptor antagonists.
Finally, logistic regression analysis only identified two factors to be independently associated with good BP control, namely the male gender and the lower number of antihypertensives utilized (Table 6 ).
DISCUSSION
This analysis shows that there is significant gender difference in arterial hypertension control levels in Malaysia. The mean SBP was 6.9 mm Hg higher in women, whereas the mean DBP showed no difference between the genders (0.1 mm Hg higher in men). This translated to a lower BP control rate in women of only 41.8% compared with 53.5% in men (Po0.001, Table 3 ). This data mirror earlier data from NHANES (1999) (2000) (2001) (2002) (2003) (2004) , which showed a 4 mm Hg higher SBP in women and the recently published I-SEARCH cohort, which showed a 2.1 mm Hg higher mean SBP in women but no difference in DBP. 8, 13 Studies have shown that a 2 mm Hg reduction in SBP is associated with a 7% reduction in IHD, IHD mortality and a 10% reduction in stroke mortality. 14 Therefore, a 6.9 mm Hg difference in mean SBP between the genders translates to a 3.5-fold higher risk of IHD and stroke mortality for women in Malaysia. Furthermore, the gender difference in BP control is consistent across all participating centers (Figure 1 ), all cardiovascular risk factor groups ( Figure 2 ) and in patients with between 1 and 4 antihypertensive medications (Figure 3) .
When looking at the difference in SBP between men and women within the individual cardiovascular risk factor groups, the quantum seems to worsen, with the difference being 7.1 mm Hg in those with diabetes mellitus, 8.5 mm Hg in hyperlipidemics and 9.6 mm Hg in patients with renal impairment (Figure 2 ). This is compounded by the fact that only 18.9% of the patients with concomitant diabetes mellitus achieved the target BP of o130/80 mm Hg and only 18.4% of patients with renal impairment achieving the target BP of o125/75 mm Hg (Table 4) . 12 Furthermore, there was a statistically significant lower level of BP control in females across all cardiovascular risk subgroups (Table 5) . Data from NHANES and other large hypertension trials have also shown that most patients need combination therapy to achieve sufficient BP control, with most patients being on either two-or three-drug combinations and no differences were noted between the genders. 15 Our study mirrors those findings with 41.4% of the patients on two-drug and 27.7% on three-drug combinations. Our data then depart from those prevailing trends by showing consistently higher mean SBP levels in women across all drug combination groups ( Figure 3 ) before converging in the four-and five-drug combination groups. Our data also show that mean SBP increases with increasing number of drug combinations and age (Table 2 and Figure 3 ). This is confirmed by logistic regression analysis, which found that both a lower number of antihypertensive drug combination and male gender are independently associated with good BP control (Table 6) .
There are several possible reasons for the difference in BP control and mean SBP levels. Firstly, more women are on single-drug therapy (26.2 vs. 21.0% in men), whereas more men are on two-or three-drug combination therapy (70.7 vs. 66.5% in women), which has been shown to result in greater hypertension control. 16 Secondly, there are a significantly higher number of men with concomitant IHD (63.1 vs. 43.0% in women; Po0.001, Table 3 ), which may paradoxically result in greater hypertension control because of the greater number of medications prescribed, especially b-antagonists and angiotensin-converting enzyme inhibitors /angiotensin receptor antagonists. 17 In our study, more men receive angiotensin-converting enzyme inhibitors or angiotensin receptor antagonists (72.6 vs. 68.4% in women, P¼0.09) and b-antagonists (62.4 vs. 52.2% in women, P¼0.001). There is a statistically insignificant tendency to use more diuretics, calcium channel antagonists and a-antagonists in women (Table 3) .
Furthermore, because a higher percentage of men do have concomitant IHD, it may result in both clinicians and female patients underestimating their risk for developing IHD and stroke. This will, in turn, result in reduced recognition and less aggressive management of cardiovascular RFs in women. 18, 19 This is proven by the fact that a higher percentage of men are put on antiplatelet therapy (80.4 vs. 70.2% in women, P¼0.002) and that only 13.9% of women with IHD actually undergo coronary revascularization (compared with 30.7% in men, Po0.001).
There are several limitations to this study. Firstly, our study did not take into account any different dosing strategies between the genders, despite there being data on differences in the way men and women metabolize drugs, respond or react adversely to them. 20 Secondly, the cross-sectional and observational design of our study behooves that it is interpreted with caution. Finally, we had no data on the accuracy of BP measurements taken, the level of severity of concomitant illnesses in patients with multiple comorbidities and the level of education and socioeconomic status of our patients, all of which could impact on the accuracy of the data tabled here.
In summary, our data reveal a poorer BP control, secondary to higher SBP levels in women. We have also shown that although our data mirror recent studies highlighting differences between the genders in terms of BP control, the quantum is higher, thereby, necessitating more urgent intervention. Moreover, the gender difference in terms of mean SBP is more pronounced in patients with concomitant diabetes mellitus, renal impairment and IHD ( Figure 2 and Table 5 ). In addition, although combination therapy was prescribed equally for both men and women, gender differences with regard to antihypertensive drug classes prescribed occur. This study illustrates the urgent need for quality improvement efforts among physicians and policy makers for all patients with hypertension, especially women. Abbreviations: CI, confidence interval; IHD, ischemic heart disease; LL, lower limit; OR, odds ratio; UL, upper limit.
